Conversion Factors and Datum
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29) .
Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27 
Introduction
In October 2001, the U.S. Geological Survey (USGS), in cooperation with Lincoln County, south-central New Mexico, began an investigation to study the water resources of the upper Rio Hondo Basin. Increases in (1) population, (2) subdivision proposals, and (3) applications for permits to change locations of wells and places of use have prompted the need for more detailed water-resources information. This water-resources information will help Lincoln County planners and State officials address water-resources issues in the area.
As development and population in the upper Rio Hondo Basin have increased, so have the demands for ground and surface water and the concerns of current residents about their water resources. Local governments need a clear understanding of water resources in their areas because they are responsible for land-use and development decisions, decisions that must take water availability into account (New Mexico Office of the State Engineer, 2003a).
Purpose and Scope
This report presents water-level data for the upper Rio Hondo Basin collected during two synoptic measurements in 2003: a map of current water levels compared with a water-level map of the study area published by Mourant (1963) ; hydrographs of selected wells and streamflow and discharge measurements; streamflow-gaging station and discharge-measurement locations, identification numbers, and periods of record; annual precipitation data for stations in Capitan and Ruidoso; and locations and results of aquifer tests performed in the study area.
Available data were compiled from records maintained by the USGS and the New Mexico Office of the State Engineer (OSE) and from published reports and reports of public record. Types of data are discussed that are not available but would be beneficial to water-resources planners.
Information regarding losing and gaining reaches of the Rio Ruidoso, Rio Bonito, and Eagle Creek sometimes was contradictory (Follet, 1918; Powell, 1954; Mourant, 1963; Hall, 1964; Associates, 1977, 1984; Newcomer and Shomaker, 1991; Wasiolek, 1991; Atkins Engineering Associates, Inc., 1993 , 2000 and Daniel B. Stephens and Associates, Inc., 2000) . Because of contradictory information in these references, stream/aquifer interaction is not discussed in this report.
Description of Study Area
The upper Rio Hondo Basin (the Basin) is located in Lincoln and Otero Counties and the Mescalero Apache Indian Reservation in south-central New Mexico ( fig. 1 ). In Lincoln County, the study area includes only the Basin. The Basin consists of two smaller subbasins of about equal area: the Rio Bonito and the Rio Ruidoso. Both subbasins lie south and east of the Capitan and Sacramento Mountains. The Rio Hondo is formed at the confluence of the Rio Bonito and Rio Ruidoso. Landscapes range from forested mountains to desert grasslands to vegetated riparian zones.
The area north of Rio Bonito is geologically and structurally complex ( fig. 2) . Figure 2 is a geologic map of the study area.
Tourism is a major component of the economy in the upper Rio Hondo Basin. The relatively cool summer climate encourages activities such as hiking, mountain biking, camping, and fishing. During the winter months, crowds are drawn to the snowy mountains for skiing and other winter sports. Additional contributors to the economy include ranching and irrigated agriculture.
Ground-water development is increasing in the Basin to meet the demands of increased tourism and to supply homes for new residents. New subdivisions are often centered on golf courses. Wilson and others (2003, p. 56) stated, "In many communities, self-supplied golf courses represent the largest water users in the commercial category."
Methods
A total of 70 wells were used in this study. Water levels in 33 of these wells were published in Mourant (1963 Mourant's (1963) water-level contour map ( fig. 3 ). Contours published in Mourant (1963) were digitized for inclusion in this report ( fig. 3) .
Not all wells located in the Basin and published in Mourant were used in the current study; some wells could not be located, many were destroyed, or a reliable water level could not be measured. Additional wells in which water-level measurements could be obtained were selected on the basis of (1) historical water-level measurements by the USGS or the OSE and (2) the need for a water-level measurement in a particular area. In addition, non-domestic wells were chosen over domestic wells. Domestic wells were considered unsuitable because of daily use and the resulting drawdown around the wells, which often is not representative of the regional water level.
March and July were selected for water-level measurements because these 2 months typically correspond to periods when water levels are highest and lowest in the area, respectively. Most water levels were measured using a steel tape; the remainder were measured using an electric tape. Measurements are accurate to within 0.02 foot. 
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Contour flexures near streams generally indicate groundand surface-water interaction. For example, upgradient flexures (pointing upstream) in contours generally indicate ground water flowing toward and recharging a stream; conversely, downgradient flexures (pointing downstream) generally indicate water flowing from the streambed to the aquifer. In this report, no specific attempt was made to indicate ground-and surface-water interaction through flexures in contours because of a paucity of data.
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Hydrologic Data
Water-level, streamflow, and precipitation data are discussed in this section. Aquifer-test results also are discussed.
Water-Level Changes
Water-level altitudes were contoured using 64 water levels measured in March 2003 and 1 water level measured in January 2003 for comparison with 1963 water levels (Mourant, 1963) (fig. 3) . The area north of Rio Bonito was not contoured because it is geologically and structurally complex.
Water levels were measured in 61 wells in both March and July 2003, and all water levels either rose or declined; no water level remained static ( Compared with the 1963 contours (Mourant, 1963) , the March 2003 contours indicate areas of rising, declining, and static water levels ( fig. 3) The eight well hydrographs (figs. [4] [5] [6] [7] [8] [9] [10] [11] in this report also were included in Mourant (1963) (table 1) . Data for the hydrographs are stored in the USGS database, National Water Information System (http://water.usgs.gov/nwis). In the hydrographs, March 2003 water levels are higher than water levels from the mid-to late 1950's in five of the wells (wells 20, fig. 4 ; 21, fig. 5 ; 29, fig. 6 ; 41, fig. 8 ; and 54, fig. 9 ). For the same period of record, water levels in three wells were lower (wells 33, fig. 7 ; 61, fig. 10 ; and 65, fig. 11 ).
Comparisons of water levels published in Mourant (1963) July 2003 Mourant (1963) to be 180 feet and the water level was 162.8 feet below land surface. In January 1979, the water level was 159.14 feet below land surface. In January 1984, the water level was 223.05 feet below land surface, about 64 feet deeper than the previous measurement. Because of the differences in water levels, the total depth of the well was measured again in 1984 and was approximately 240 feet deep (New Mexico Office of the State Engineer, unpublished data, 1984).
Overall, of the 22 wells in the Rio Bonito Basin for which water levels were published in Mourant (1963) and measured in 2003, water levels rose in 15 wells and declined in 7 wells. The median rise of water levels was 4.01 feet with a range of 0.08 to 36.36 feet; the median decline was 3.51 feet with a range of 0.57 to 162.2 feet. The previously described possible causes for the largest rises and declines need to be considered when evaluating the data.
Of the 11 wells in the Rio Ruidoso Basin for which water levels were published in Mourant (1963) and measured in March 2003, water levels rose in five wells and declined in six wells. The median rise of water levels was 2.21 feet with a range of 0.52 to 17.08 feet; the median decline was 1.56 feet with a range of 0.50 to 26.08 feet.
Streamflow
Hydrographs for streamflow-gaging stations Rio Ruidoso at Hollywood and Eagle Creek below South Fork near Alto are shown in figures 13 and 14. The drainage areas for these two streams are 8.14 and 120 square miles, respectively. The Hollywood gaging station has been in operation for about 51 years. Upstream from this station, the Village of Ruidoso diverts water for municipal use and returns a portion of the water as effluent from a sewage disposal plant downstream from the station (Byrd and others, 2003) . The Eagle Creek gaging station has been in operation for about 26 years. Upstream from the Eagle Creek station, water is stored in small, unregulated recreational ponds on the Mescalero Apache Reservation (Byrd and others, 2003) .
Though streamflow data have been collected at additional locations in the study area, the periods of record at the gaging stations are relatively short and, therefore, do not provide information on streamflow trends (table 2) . Three streamflow-gaging stations are currently (2003) in operation in the upper Rio Hondo Basin; they include the two stations discussed in the previous paragraph and the Rio Ruidoso at Ruidoso gaging station. A hydrograph of data collected at Rio Ruidoso at Ruidoso is not included because of its relatively short period of record (about 5 years). 
Precipitation
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Summary of Aquifer-Test Results
Aquifer tests performed on wells can provide important information about the hydraulic properties of the aquifers from which the wells produce water. Hydraulic aquifer properties are used by consultants, government regulators, and planners to help determine the rate at which water can be pumped from an aquifer without impairing nearby wells.
Aquifer-test results were compiled primarily from reports of public record obtained from the OSE. Results of aquifer tests were obtained for 25 wells within the study area (table 3) . Of the 25 wells with aquifer-test data, 16 are clustered east and northeast of Alto between Rio Bonito and Eagle Creek ( fig. 13) .
Several wells have results for more than one aquifer test, more than one type of aquifer-test analysis, or results from analyses by more than one consultant; therefore, the hydraulic properties for a well often range in values (table 3) . Transmissivity, hydraulic conductivity, specific capacity, and storativity values are listed in table 3. Transmissivity is equal to the product of the hydraulic conductivity and aquifer thickness. Hydraulic conductivity is the volume of water that will move through the surrounding material in a unit of time. Specific capacity, the ratio of the pumping rate to drawdown of the water in a well, is both a measure of the capacity of an aquifer to transmit water to a well and of the capacity of the well screen to transmit water from the aquifer into the well casing. Storativity is a measure of the volume of water that an aquifer releases from or takes into storage per unit area under a unit change in head.
Tertiary igneous intrusives and extrusives (Ti) transmissivity values ranged from 39. 
Data Gaps and Needs
The concentration of aquifer-test data near Alto and the sparsity in other areas of the upper Rio Hondo Basin indicate a need for more aquifer tests in other parts of the basin. In particular, information would benefit planning efforts from aquifer tests in areas of rapid population growth that characterize hydraulic properties (1) of aquifers traditionally used for water supplies and (2) of aquifers that may have marginal water quality but could be used for future water supplies. Aquifer tests conducted in geologically and structurally complex areas to determine the degree to which the variable geology and structure influence hydraulic properties and the lateral continuity of aquifers also would be beneficial. Additional knowledge about the water resources in the upper Rio Hondo Basin will help local and State officials make prudent land-use and development decisions. Understanding the needs of local officials and residents and working closely with the OSE and other agencies are necessary to guide future scientific studies. Future studies may include examination, description, and reporting of drill cuttings and geophysical logging of wells being deepened or installed, especially in areas where the population is increasing and in communities where current wells are going dry. Drill cuttings and geophysical logs will provide information about possible localized confining units and water-yielding characteristics of the rocks.
Very few wells are measured regularly in the Eagle Creek Basin by either the USGS or the OSE. A reconnaissance of the basin and identification of wells appropriate for regular measurement are necessary to develop a useful network. If wells appropriate for regular measurement are not identified and located, drilling of new wells may be necessary in areas where information is needed.
Reports submitted to the OSE as part of a subdivision proposal estimate recharge when approximating 40-year water supplies. A substantial proportion of recharge in the upper Rio Hondo Basin occurs as mountain-front recharge (Waltemeyer, 2001) . Chloride-balance and water-yield regression methods are used to estimate mountain-front recharge (Anderholm, 2001) . Not only are recharge estimates necessary to approximate 40-year water supplies, recharge is also an important parameter in ground-water models. Recharge estimates help provide information about the estimated time necessary to replenish water-yielding units, flow paths from recharge areas to supply wells, and where recharge is likely occurring. 
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Water quantity is a major concern in the upper Rio Hondo Basin, but water quality also becomes an issue in populated areas. The 2003 New Mexico State Water Plan (New Mexico Office of the State Engineer, 2003a, p. 2) says, "Water quality issues must have equal standing with water quantity issues." Though mountain aquifers and streams often provide high-quality water due to recharge from snowmelt and rain, septic tanks can negatively affect water quality. According to the New Mexico Environment Department (2000, p. 2), septic tanks are "the single largest source of ground-water pollution in the state." In addition, other activities within the upper Rio Hondo Basin may affect water quality. Once contaminated, aquifers and streams are extremely expensive to remediate and, in many cases, remediation is not feasible at any cost. Periodic water-quality sampling will help provide data about the effects of population increases in the upper Rio Hondo Basin.
Summary
Hydrologic data were compiled for the upper Rio Hondo Basin and water-level data were collected during two synoptic measurements in March and July 2003. This water-resources information will help Lincoln County planners and State officials address water-resources issues in the area.
A total of 70 wells were used in this study. Water levels in 33 of the wells were published in an OSE report in 1963. In eight well hydrographs, 2003 water levels are higher than water levels from the mid-to late 1950's in five of the wells. For the same period of record, water levels in three wells were lower.
Within the study area, the rising and declining water levels were highest in the northern part of the study area. The median rise of water levels was 4.01 feet and ranged from 0.08 to 36.36 feet. The median decline of water levels was 3.51 feet and ranged from 0.57 to 162.2 feet. In the southern part of the study area, the median rise of water levels was 2.21 feet and ranged from 0.52 to 17.08 feet. The median decline in water levels was 1.56 feet and ranged from 0.50 to 26.08 feet.
